The measurement of 23 organochlorine, organophosphorus, and pyrethroid pesticides in typical traditional Chinese medicine (TCM), flos lonicerae, was made using gel permeation chromatography (GPC) purification and gas chromatography-mass spectrometry (GC-MS) detection. The pesticides were extracted with ultrasonic device and 5.0 mL mixture of ethyl acetate and cyclohexane (1:1, v/v). Coextractants from sample matrices which may have interfere to the qualitative and quantitative analysis, such as pigments, were removed using GPC purification. Simultaneous full scan and selective ion monitor (scan/SIM) mode for GC-MS was used for qualitative and quantitative analysis, which provided retention time and characteristic fragments ratio for each pesticide so as to positively identify each analyte. Relative standard deviations (RSDs) were within 7.7% (5.0 -22.5 µg/kg, n = 3). The recoveries of pesticide standards at the spiked concentration of 5.0 -22.5 µg/kg were between 87.1% and 110.9%. Limits of detection (LODs) for the analytes were 0.16 -3.2 µg/kg, which could meet the demand of routine analysis and TCM quality control.
Introduction
Traditional Chinese Medicine (TCM) usually means medicinal plants. Herb water, mixed tablet, and powder from the extracts of herbs are the general styles in clinical practice. The usage of TCM in China has a very long history. The influence of TCM on health care system has been profound in Asia as well as in the West in recent years [1] [2] [3] . The concerning of contaminations of heavy metals [4] [5] [6] and pesticides [2, [6] [7] [8] [9] , which may be introduced during the cultivation, transportation, preparation and preservation, has been increased as the popularity of TCM enlarged.
Pesticides using to control various insect pests all over the world have advanced agriculture to gain great productivity [10, 11] . In the mean time, they contaminate the environment [12] and endanger human health [13] . Some pesticides are neural destroyers [14] , and some act as hormones, which may disturb human endocritic system [15] . Most of the pesticides are bio-accumulated and may be transferred along the food chain [16] , similar to the environmental behavior of heavy metals. For these reasons, the contents of pesticide residues in Chinese herbs have been concerning by public in China and the other areas of the world. There have methods reported for the analysis of pesticide residues in TCM [9, 17, 18] . However, a rapid procedure or screening method to determine organochlorine, organophosphorus, and pyrethroid pesticides in TCM, especially for complex matrix medicinal herbs, such as flos lonicerae, is of great significance in quality control activities.
Typically, measurement of multi-residue in complex matrices comprises sample pre-treatment, separation and detection by gas chromatography-mass spectrometry (GC-MS) [19, 20] . The pre-treatment usually is time-consuming, which includes extraction, purification, and enhancement of the analytes to reduce or eliminate possible interference to the accurate detection. Soxhlet extraction [21] , accelerated solvent extraction (ASE) [16] , supercritical fluid extraction (SFE) [17] , solid phase extraction (SPE) [12, 13] , microwave-assisted extraction (MAE) [22] , matrix solid phase disperse extraction (MSPDE) [19, 23] , and disperse solid phase extraction (DSPE, QuEChERS) [24] [25] [26] have been investigated for pesticides analysis. Gel permeation chromatography (GPC), as reported in bibliography [10, 16, 27, 28] , may be one of the best tech-niques for the analysis of multi-residue of pesticides in TCM, which separates lower molecular weight target pesticides from higher molecular weight chemical matrices, such as pigments. Gas chromatography-mass spectrometry can do two-tier identification and confirmation with the retention time and the relative ratios of characteristic ions of the pesticide. The select ion monitor (SIM) can eliminate matrix influence and enhance selectivity and sensitivity effectively. The double mode of scan plus SIM mode (scan/SIM) can qualify and quantify target compounds simultaneously in a single injection.
The purpose of this study was to develop a novel method for accurately and simultaneously determination of organochlorine, organophosphorus, and pyrethroid pesticides in flos lonicerae. The advantage of GPC purification and good separation and high sensitivity of GC-MS was investigated in qualitative identification and quantitative detection of multi-pesticide in complex chemical matrices.
Experimental

Chemicals and Reagents
Acetone, acetonitrile, cyclohexane and ethyl acetate were all of HPLC grade and purchased from Thermal Fisher Co. (USA). The 23-pesticide standards were from Chem Service Co. (USA), which were of purity ≥ 98.1%. 1000 µg/mL stock solutions for each pesticide were prepared with acetone and stored in freezer at -18˚C. 10 µg/mL mixed standard solution for daily work were obtained by mixing and diluting stock solutions with acetone, and stored in a refrigerator at 4˚C.
Apparatus
Agilent 7890A gas chromatography, 5975C mass spectrometer, and 7683B auto sample injector was used (Agilent Technologies, USA). Data acquisition, data processing, and instrumental control were performed with Agilent Enhanced ChemStation (Agilent Technologies, USA). A DB-5 MS fused silica capillary column of 30 m × 0.25 mm with 0.25 µm film thickness from Agilent Technologies was used.
The GPC system (Vario, LC Tech, Germany) consisted of high pressure pump, auto-sampler with 24-sample vials (10 mL) and 5.0 mL sample loop, GPC column, and 24 fraction collected vials (100 mL). The clean-up GPC column was packed polystyrene-divinylbenzene (Bio-Beads S-X3, 400 mm × 25 mm I.D., 200 -400 mesh).
MS2 mini-shaker (IKA, Germany), B5200S-OT ultrasonic extract device (Branson, USA), centrifuge (Shanghai, China), auto concentrating apparatus (EVA Ш, LC Tech, Germany), and laboratory-built nitrogen evaporator were used.
Sample Extraction and Purification
1.000 g of ~2 kg homogenized dry flos lonicerae sample was extracted with 5.0 mL mixed ethyl acetate and cyclohexane (1:1, v/v) for 10 min. The extraction was repeated for 3 times. Combine the extracts together, and then concentrated with a nitrogen stream to 10.0 mL. 5.0 mL of the extract solution was injected and separated on GPC with a mixed mobile phase of ethyl acetate and cyclohexane (1:1, v/v) at a flow rate of 5.0 mL/min. The fraction containing the analyzed pesticides was collected within the retention time of 17 to 36 min (totally 95.0 mL of eluant). The GPC fraction was evaporated and concentrated to 5.0 mL using EVA Ⅲ rotary evaporator at 40˚C, and further concentrated to near dry with nitrogen stream, re-dissolved with 0.5 mL mixture of ethyl acetate and cyclohexane (1:1, v/v) for GC-MS analysis.
GC-MS Conditions
Carrier gas was high purity of Helium (≥99.999%). The separation of all pesticides was performed with a constant pressure mode. The injection port of GC was 250˚C. 1.0 µL of pretreated sample solution was injected in splitless mode (split valve closed for 0.75 min). The retention time was locked by chlorpyrifos-methyl. Programmed temperature for GC oven was initially 50˚C for 1 min, increased to 125˚C at a rate of 25˚C/min, and then to 300˚C at 10˚C/min, and finally maintained at 300˚C for 10 min until all the analytes eluted.
Electron impact (EI) ionization source was used at 70 eV. The interface between the GC and mass detector was maintained at 280˚C. The temperature for EI source and quadrupole were set at 230˚C and 150˚C, respectively. The solvent delay time was set to 3.5 min. Full scan and selected ion mode (Scan/SIM) were used to qualitative identification and quantitative detection of multi-pesticide. Figure 1 is the chromatograms of 23-pesticide standard and standard spiked flos lonicerae sample at optimized operating conditions. All pesticides in Figure 1 have been separated and eluted before the retention time 23.237 min. Additional 8 min at 300˚C was set for column cleaning-up and ready for next injection (1:1, v/v) were investigated to be extract solvent to extract pesticides from flos lonicerae sample.
As one of the most efficient extract solvent, acetonitrile can yield more co-extracts and make the followed clean-up or purification step sophisticated. Furthermore, acetonitrile can not dissolve very well in cyclohexane which was used as the GPC mobile phase in this work. The extract dissolved within acetonitrile had to be evaporated and concentrated near to dry and then re-dissolved by GPC mobile phase before loading to purification when acetonitrile was used as extract solvent in this case. At the same time, non-polar cyclohexane was not good enough to extract most of the polar pesticides, such as organophosphorus pesticides. In the experiment, finally we found that ethyl acetate and ethyl acetate-cyclohexane mixture (1:1, v/v) were the most efficient extract solvent for all pesticides investigated. To match the GPC mobile phase, ethyl acetate-cyclohexane mixture (1:1, v/v) was used as the extract solvent in following experiments, which has proper polarity and can improve extraction efficiency and minimize matrix interferences.
The volume of GPC fraction, collected as the purified pesticides, was one of the most important operating parameters. In this work, the experiment results showed that most of the pesticides eluted in the retention time of 16 -36 min. In the meantime, many pigments eluted in 16 -17 min, which would had interference on the identification, certification, and determination of pesticides with GC-MS. Therefore, the GPC fraction in the retention time of 17 -36 min, totally 95.0 mL, were collected and concentrated to 0.50 mL for GC-MS analysis.
GC-MS Detection
In this study, pesticide residue, usually at trace or ultratrace level, accompanied with complex matrices, although there had GPC clean-up step before analysis by GC-MS. The identification and certification of analyzed pesticides should be careful and take more evidences to avoid possible mistakes. The efficient separation of pesticides and continuum components by GC was essential in this work, which provided the retention times to identify analytes. In the same time, the capability of discerning characteristic fragments of each pesticide by MS detector could avoid or eliminate false positives in measurement. 4 characteristic fragment ions for each pesticide were chosen to calculate the ratio of characteristic ion abundance ratio. At last, the qualitative analysis, or the identification and certification, of all pesticides were performed with both the retention time and the ratios of the abundance of characteristic ions of each pesticide.
For the quantitative analysis of pesticides, the simultaneous full scan and selected ion monitor (scan/SIM) mode were used, which not only provide pesticide structure information but also improve the selectivity. Owe to the benefit of this scan/SIM mode, qualification and quantification can be completed synchronously in a single injection. Quantitative analysis of all pesticides was carried out with the abundance of a carefully selected characteristic fragment ion, which was free of the matrix interference. Table 1 listed all the 14 groups of monitoring ions for the 23 pesticides. Table 2 shown the retention time (t r ), quantifying ions, qualifying ions, and the abundance ratios of all characteristic ions for each pesticide. The uncertainty of ion ratios for qualification was controlled to lower than 20%.
Analytical Performance for the Developed Method
The developed method was validated with the recoveries of the spiked standards in flos lonicerae sample. In the experiments, we chose a pesticide free flos lonicerae sample as the chemical matrix. By spiking different concentration level of pesticides standard in sample matrices and aging in a refrigerator for at least 4 hr at 4˚C, artificial samples were prepared to the evaluation of method accuracy, precision, calibration, limits of detection (LODs), and limits of quantification (LOQs) in following experiments. 
Accuracy and Precision
Accuracy and precision were performed by the standard recovery test with artificial flos lonicerae sample. The standard recovery test was carried out at three levels of spiking concentration for each pesticide. Each spiking level was repeated three times to evaluate the precision. Accuracy was assessed by the standard added recoveries, and precision by the relative standard deviations (RSDs). Table 3 summarizes the standard added recoveries and RSDs for developed method. The result in Table 3 showed that standard added recoveries were in the range of 87.1% -110.9% at low spiked level (5.0 -22.5 µg/kg), 86.4% -107.1% at medium spiked level (8.2 -45.0 µg/kg), and 71.9% -108.5% at high spiked level (41.2 -224.9 µg/kg). The linear regressions of the standard added concentration (x) versus peak area (y) of quantifying ion for all analytes yielded the correlation coefficients closing to 1.000, as shown in Table 3. These results suggest that the standard added recoveries for all pesticides are stable at low, medium, and high concentration, which made the developed method more practical and useful in real world sample analysis.
RSDs obtained were lower than 10% at all three added concentration levels, with the exception of 22.0% for p,p'-DDT at a high level of 214.9 µg/kg which may be interfered by the sample matrices. These results show that the developed method has a good reproducibility in the added concentration range.
Calibration
Matrix enhancement or reduction effect on the signal response is one of the most common problems in trace pesticides analysis for complex matrix samples [16, 29] . In this work, the quantifications of all pesticides were car- ried out with matrix-matched external standard calibration method. The calibration curves for quantification were obtained by measurement of a series of mixed pesticide standards. The standard series had 7 different concentration level between 10.0 and 1000.0 µg·L -1 as listed in Table 4 . The linear curves were plotted by least squares regression of concentration versus peak area of each pesticide. The linear ranges and correlation coefficients were shown in Table 4 .
Limits of Detection (LODs) and Limits of
Quantification (LOQs) The measurement of an artificial flos lonicerae sample, mixed standard added at 20 µg·kg -1 , was repeated three times, including the pretreatment, extract, GPC purification, and GC-MS detection. The standard derivations (SDs) of the measurement for each pesticide were then calculated. Here Limits of detections (LODs) of the developed method were defined as the concentrations corresponding to 3 times of the standard deviations (SDs) of each analyte. LOD for each pesticide was in the range of 0.16 -3.24 µg·kg -1 , with the exception of malathion and p,p'-DDT which had no data available.
Conclusion
A method for simultaneous measurement of 23 organochlorine, organophosphorus, and pyrethroid pesticides in traditional Chinese medicine, flos lonicerae, using GPC purification and GC-MS detection was developed. The method has good accuracy and precision, as well as low LODs. The method showed great prospects in determining common classes of pesticides in a typical traditional Chinese medicine.
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